ABSTRACT Fifty patients with fibrosing alveolitis studied on 104 occasions exhibited significant direct correlations between vital capacity (VC), maximum mid-expiratory flow rate (MMFR) Increased elastic recoil of the lung limiting maximal inflation is considered to be the main abnormality of lung mechanics in fibrosing alveolitis. Interstitial lung diseases are also characterised by decrease in lung transfer factor. Certain investigators'-3 have also described abnormalities of peripheral airways in these patients, whereas others4 5 have found airway function to be normal. In most of the reported series the number of patients studied has been small and interrelationships between lung volumes, transfer factor, and expiratory flow rates have not been described. Cryptogenic fibrosing alveolitis is frequently seen in young females in this part of the world and a large majority of these patients are nonsmokers. This communication describes the spectrum of abnormalities found and their interrelationship on simple physiological evaluation in a large group of patients with fibrosing alveolitis of variable severity.
function. It appears that as the severity of the fibrotic process increases, the lung volumes shrink and the transfer factor for CO decreases. The total lung capacity decreases predominantly on account of reduction in VC. With a decrease in lung volume the MMFR also falls. Decrease in flow rates at low lung volumes is greater as compared to the fall in peak flow. The expiratory flow rates however were normal or even increased when related to absolute lung volume. Some patients exhibit disproportionate expiratory slowing as evidenced by a decrease in MMFR which is out of proportion to the reduction in VC. These patients also have a reduced FEV1,/VC ratio. These changes are probably the consequence of associated peripheral airway narrowing.
Increased elastic recoil of the lung limiting maximal inflation is considered to be the main abnormality of lung mechanics in fibrosing alveolitis. Interstitial lung diseases are also characterised by decrease in lung transfer factor. Certain investigators'-3 have also described abnormalities of peripheral airways in these patients, whereas others4 5 have found airway function to be normal. In most of the reported series the number of patients studied has been small and interrelationships between lung volumes, transfer factor, and expiratory flow rates have not been described. Cryptogenic fibrosing alveolitis is frequently seen in young females in this part of the world and a large majority of these patients are nonsmokers. This communication describes the spectrum of abnormalities found and their interrelationship on simple physiological evaluation in a large group of patients with fibrosing alveolitis of variable severity.
Methods
Fifty patients with cryptogenic fibrosing alveolitis were referred for evaluation of pulmonary function during the period 1971-78. There were 17 men and 33 women. Their age ranged from years (mean ± SE 42-1 ± 1-7 years). There were seven exsmokers among the men whereas none of the women had ever smoked. The duration of their symptoms ranged from 15 days to 10 years (mean ± SE 2-5 + 0 3 years). The diagnosis was based on typical clinical findings, radiological evidence of interstitial lung disease, and characteristic functional abnormalities. Patients with extrinsic allergic alveolitis, collagen disorders, sarcoidosis, or other known causes of interstitial lung disease were excluded from the analysis after appropriate investigation. None of these patients had lung biopsy for histopathological confirmation of the diagnosis. The 50 patients had routine functional evaluation on 104 occasions. They were followed up for periods ranging from one month to eight years (mean 15 Interrelationship between lung volume, expiratory flow, and lung transfer Jactor in fibrosing alveolitis VC ( Table 3 gives the values for specific conductance (sGaw), total lung capacity (TLC), V50, and V25 in a group of 13 subjects in whom these parameters were studied. Predicted values10 in normal subjects of similar age, sex, and height are also shown. The specific conductance was normal although Raw was increased in three subjects and decreased in one subject. TLC was significantly less than the predicted value. The peak flow rate, MMFR, V50, and V25
were also significantly lower than predicted. The decrease in flow rates at low lung volumes was more striking than that seen at large lung volumes. Interrelationship between lung volume, expiratory flow, and lung transfer factor in fibrosing alveolitis fibrosing alveolitis. All the patients, particularly young females, were screened for collagen disorders but none was found. Antinuclear factor was positive in low titres in seven patients but there were no other features of systemic disease. None of the patients was occupationally exposed to birds. In four patients there was a history of contact with birds (pigeons two, fowls two) but their sera were negative for precipitins against appropriate antigens. Kveim tests performed in six subjects because of a suspicion of hilar lymphadenopathy were negative and none of the other features of sarcoidosis were present. A close scrutiny of the home environment and the place of work failed to reveal any likely cause of hypersensitivity pneumonitis. It is possible however that some of the patients had a form of extrinsic allergic alveolitis produced by an unsuspected antigen. The patterns of functional abnormality in fibrosing alveolitis of the "extrinsic" or "cryptogenic" varieties are not very different and several investigators have studied a mixed group of subjects.5
The findings of low VC, TLC, and TLCO with increased FEV1/VC are characteristic of interstitial lung disease. The frequency with which low flow rates (peak flow, MMFR, V50, and V25) were encountered in the present series of patients has not been reported earlier. Flow limitation in fibrosing alveolitis could be a consequence of certain regions of the lung being entirely non-functional so that the corresponding airways do not have any airflow. It couid also be a manifestation of anatomical airway narrowing because of peribronchial fibrosis and distortion. Flow rates at different absolute lung volumes however may be increased on account of the increased elastic recoil of the lung providing a higher driving pressure. An interplay of these factors makes the assessment of airway function with the help of flow volume curves difficult. Different authors have presented flow volume curves in different ways. Thus Gibson and Pride4 expressed flow rates as predicted TLC s-1 in order to correct the observed flow rates for difference in body size but not actual lung size.
They found the peak flow rate and V50 and V25 to be increased or within normal limits in eight patients with fibrosing alveolitis. The expiratory flow rates were particularly excessive when related to the absolute lung volume, rather than per cent of vital capacity expired. The findings of the present study indicate a reduction in absolute flow rates when related to per cent of vital capacity expired (fig 2) . Similar observations have been reported by other workers.1 13 The same flow rates, however, appear excessive or normal when related to absolute lung volume (fig 2) . These differences in findings appear to be attributable to greater severity of fibrosis in the present series of patients. Thus the mean VC in 3* Gibson and Pride's series of patients was higher (65% predicted) than that in the group of patients with the mildest form of disease in the present series (see table 1 ). These authors presented an analysis of flow-volume relationships as visualised in a shrunken lung model (where all the alveoli are uniformly stiff) or a small lung model (where patchy areas of the lung parenchyma and the corresponding airways are entirely non-functional). In the former situation no decrease in MMFR, peak flow, V50, or V25 is anticipated. In the small lung model however, all these flow rates must fall in proportion to decrease in lung volumes. It appears, therefore, that a large majority of patients in the present series had a reduced number of ventilated alveoli.
Fulmer et all expressed expiratory flow rates as actual TLC s-1 and related them to the per cent of VC expired. This would be a useful method of studying airway function in a small lung model. In half of their patients V50 and V25 were found to be reduced. The authors observed a significant correlation between reduced expiratory flow rates and morphological evidence of peripheral airway narrowing. When expressed in this fashion, expiratory flow rates in the present series of patients were rather similar to the findings of Fulmer et all (fig 3) . It is possible, therefore, that with advancing severity of fibrosis, narrowing of the peripheral airways also contributes towards reduced flow rates. This is in accordance with observations on upstream conductance which has been variously reported as normal4 5 or reducedl-3 14 15 in patients with interstitial lung diseases. It must be emphasised, however, that the abnormalities of the expiratory flow-volume relationship observed in this study could alternatively be explained by marked differences in regional compliance in a small lung. A correlation between reduced flow rates at low lung volumes, frequency dependence of dynamic compliance, and morphological estimation of the peripheral airway diameter has been demonstrated.' In view of this it is possible that some of the patients in the present series also had peripheral airway narrowing.
None of the reported series have analysed interrelationships between lung volume, flow rates, and transfer factor in fibrosing alveolitis. We observed a direct correlation between VC and TLCO in these patients. Both of these parameters may be used to assess the severity of the disease and for follow-up of the patients. With advancing severity of the disease however, TLCO declined much more rapidly than VC (table 1) . This may have occurred because a thickening of the alveolar-capillary membrane not only increases the diffusion barrier for CO, but also reduces the alveolar volume upon which measured TLCO is also dependent. Moreover, greater ventila-tion-perfusion abnormalities with increasing severity of fibrosis would also affect TLCO, particularly when measured by the steady state method. Thus patients with advanced disease have an additional cause for reduced TLCO. In this study MMFR correlated significantly with TLCO. The coefficient of partial correlation between MMFR and TLCO after eliminating the effect of VC was still significant (r = 0 022; p < 0-05) indicating that low flow rates contributed towards reduced TLCO. This was presumably the consequence of peripheral airway disease aggravating the V/0 abnormalities. The data of Fulmer et a1l show a lack of correlation between TLCO (single breath) and VC. This may be because of a small number of observations and patients, half of whom had evidence of peripheral airway disease.
The relationship between VC and MMFR is illustrated in fig 1. There was a significant correlation between the two (p < 0-001) with most subjects having a greater reduction in VC as compared to MMFR. There was a group of observations, however, where the reduction in MMFR was out of proportion to the decrease in VC. Similar observations have been reported by Levinson et al14 in a group of patients with sarcoidosis. Theoretically both shrunken and small lung models of Gibson and Pride4 should be associated with high or normal MMFR when related to VC. Although most of our observations are consistent with this concept, disproportionate expiratory slowing was observed 34 times, out of which the FEVi/VC was less than 800% on 26 occasions, whereas this finding was present in only two of the remaining 70 observations (fig 1) . This emphasises the relationship between MMFR/ VC and FEV1/VC reported by Kuperman and Riker. 16 It is interesting that although MMFR bore a significant positive correlation with both VC and FEV1, the last two were inversely correlated between themselves. This is because FEV1 (expressed as %VC) is a ratio dependent upon which of the two parameters (vital capacity or expiratory flow rate) are more severely reduced. In agreement with earlier observations,4 5 it was normal or increased in spite of reduced expiratory flow rates. It was reduced in some patients with disproportionate expiratory slowing; a finding which has also been reported earlier. 
